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STABILIZED PHARMACEUTICAL SOLID COMPOSITIONS OF 
LOW-SOLUBILITY DRUGS. POLOXAMERS, AND STABILIZING POLYMERS 

FIELD OF THE INVENTION 
S This Invention relates to solid compositions comprising particles 

comprising a loW'-solubilHy drug, a poloxamer, and a stabilizing polymer that provide 
good physical stability and concentration enhancement of dissolved drug when 
administered to an aqueous environment of use. 

10 BACKGROUND OF THE INVENTION 

It is sometimes desired to form a composition of amorphous drug and a 
polymer. One reason for forming such compositions is that the aqueous concentration 
of a poorly soluble drug may be improved by such a technique. For example, 
EP 0 901 786 A2 to Curatolo et al. discloses forming pharmaceutical spray-dried 

15 dispersions of sparingly soluble drugs and the polymer hydroxypropyl methyl cellulose 
acetate succinate, in which the drug is amorphous and dispersed in the polymer. The 
spray-dried. dispersions disclosed in Curatolo et al. provide superior aqueous 
concentration relative to dispersions formed from other methods and relative to the 
crystalline drug alone. 

20 Similarly, others have recognized the enhancement in aqueous 

concentration afforded by forming compositions of a drug In a polymer. U.S. Patent 
No. 5,456,923 to Nakamichi et al. discloses solid dispersions fonmed by twin-screw 
extrusion of low solubility drugs and various polymers. 

Poloxamers (polyoxyethylene-polyoxypropylene copolymers) are 

25 routinely used in the phannaceutical arts for a variety of applications, primarily as 
emulsifying agents in intravenous fat emulsions, and as solubilizing and stabilizing 
agents to maintain the clarity of elixirs and syrups. Poloxamers are also used as 
wetting agents; in ointments, suppository bases, and qels; and as tablet binders and 
coatings. 

30 Fomiing compositions of poloxamers and drugs is known. In Xu et aL. 

"Programmable Drug Delivery from an Erodible Association Polymer System," 
Pharmaceutical Research, Vol. 10, No. 8. pp. 1144-1152 (1993), an erodible 
association polymer system of Pluronic 127 (a poloxamer) and cellulose acetate 
phthalate (CAP) was prepared by a solvent casting method. Compositions containing 

35 5% theophylline were prepared. The object of ttie formulation was to provide a delivery 
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system that provided a programmable dissolved drug concentration versus time profile. 
Xu et al. state that for CAP/Pluronic blends in which the CAP content is greater than 
50% (w/w). a single misdble phase Is fomied having only a single glass transition 
temperature (Tg). Xu et al. measured release rates of the drug from a variety of 
5 CAP/Pluronic 127 blends having from 50 to 100 wt% CAP. 

U.S. Patent No. 6,368,622 to Chen et ai. discloses a mixture of dmg with 
a poloxamer. In a particular embodiment the dmg fenofibrate, having a melting point 
of 72' to 82'C, and a Tg of about -19*'C, is melted with a poloxamer and mannttol. 
While the data show ttie drug In ttie composition has a tester dissolution rate than a 
10 commercial fonmulation, no concentration enhancement was demonstrated. 

U.S. Patent Application Publication No. US2001/0036959A1 to Gabel et 
al. discloses a composition comprising the drug carvedilol, having a melting point of 
1 la** to 1 16'C, and a Tg of about 39°C, In a concentration above 5 wt%. The 
preparation preferably includes poioxamers. The comppsition may be fomied using a 
15 melt method or by spray-drying. 

European Patent Specification EP 0836475B1 to Clancy et al. discloses 
• a solid composition of an active ingredient in a hydrophillc poloxamer polymer. The 
composition is formed either by melting the poloxamer and dispersing the active 
ingredient therein or dissolving the active ingredient and poloxamer In an organic 
20 solvent or solvents; the solvent Is evaporated and the molten poloxamer is cooled and 
milled to obtain the formulation. 

WO 99/21534 discloses a composition comprising a poorly soluble drug 
and an excipient comprising a mixture of (a) saturated polyglycolized glycerides and (b) 
poioxamers. The compositions are formed by a melt process. 
25 In addition, European Patent Application 1 027886A2 notes that 

dispersions that have Improved physical stability can be formed by dispersing an 
amorphous dmg In a polymer with a high Tg. However, the concentration enhancement 
and bioavailability enhancement obtained with such dispersions for some drugs may 
still be limited and bioavailability may be lncompiete--^at Is, not all of the dmg is 
30 absorbed. 

Forming compositions of amorphous dmg and a polymer can present a 
number of problems. One problem with forming solid compositions containing 
amorphous dmg and a substantial amount of poloxamer is that the dmg can crystallize 
over time, leading to poor performance. Another problem when forming compositions 
35 containing an amorphous low-solubility dmg is that the dmg may have an undesirably 
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slow dissolution rate br poor bioavailability. When absorption of dosed drug is 
incomplete, that is, Qie bioavailability is low, drug levels In the blood are often highly 
variable and exposure Is often highly dependent on whether dosing took place in the 
fed state. Thus, there is a continuing need to provide methods and f omiulatlons that 
S both provide amorphous drug that is physically stable and provide enhanced 
concentrations of drug in aqueous solutions as well as enhanced bioavailability. 

SUMMARY OF THE INVENTION 

In a first aspect, a solid composition comprises a plurality of particles, 

10 the particles comprising: at least about 5 wt% of a low-solubility drug wherein a 

substantial portion of the drug Is amorphous; at least about 5 wt% of a poloxamer; and 
a stabilizing polymer. The stabilizing polymer Is selected from the group consisting of 
hydroxypropyl methyl cellulose acetate succinate, hydroxypropyl methyl cellulose, 
carboxymethyl ethyl cellulose, and hydroxypropyl methyl cellulose phthalate. 

15 In a second aspect, the invention relates to a process for preparing a 

solid composition comprising the steps (1) forming a solution comprising a low- 
solubility drug, a poloxamer. a stabilizing polymer, and a solvent; and (2) removing the 
solvent from the solution to form a solid composition. The solid composition comprises 
at least 5 wt% of the low-solubility drug and at least 5 wt% poloxamer. The stabilizing 

20 polymer is selected fram the group consisting of hydroxypropyl methyl cellulose acetate 
succinate, hydroxypropyl methyl cellulose, carboxymethyl ethyl cellulose, and 
hydroxypropyl methyl cellulose phthalate. 

The various aspects of the present Invention provide one or more of the 
following advantages. Rrst, the compositions improve the concentration of dissolved 

25 drug In an aqueous use environment for poorly soluble drugs. The inventors have 
found that a problem for some low-solubility dmgs dispersed in cellulosic polymers 
such as hydroxypropyl methyl cellulose acetate succinate or hydroxypropyl methyl 
cellulose is that the dissolution rate of the dmg may be slow. Poloxamers are capable 
of significantly increasing the dissolution rate of a low-solubility drug, and/or sustaining 

30 the concentration of dissolved drug provided by a solid composition containing an 
amorphous, low-solubility drug. The Improved dissolution rate may result in higher 
dissolved drug concentration, or higher bioavailability, or both. 

Second, the addition of a stabilizing polymer improves the physical 
stability of the particles. Poloxamers are block copolymers consisting of polyethylene 
35 oxide (PEO) segments and polypropylene oxide (PPO) segments. Poloxamers have 
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melting points from about 45* to about 60"'C. At ambient temperatures typically 10* to 
30'C, «ie PEO segments will eventually aggregate and crystallize to fonm 
semicrystalline PEO domains while the PPO segments; will remain as amorphous . 
domains. These PPO domains have a relatively low Tg of about -65X. As a result, 
5 any solute dispersed in the amorphous PPO domains will have high mobility at nonmal 
storage temperatures of 5** to 40''C. When drug is dispersed in a poloxamer, and 
subsequently the poloxamer is brought to a temperature below its melting point, the 
PEO will generally crystallize, and drug wll primarily reside in the amorphous PPO 
domains, where the daig will generally have higii mobility. The Tg of the drug/PPO 
10 domains will generally lie between that of the pure PPO domains and that of pure 
amorphous drug. The precise value of the Tg of such domains will also depend upon 
the relative amounts of drug and PPO in the domains, and to a lesser extent, upon the 
interaction between the drug and the PPO. The inventors have discovered that when 
the Tg of the drug/PPO domains is less than the storage temperature and the 
15 concentration of drug in the PPO domains is above its solubility, the drug will have a 
tendency, overtime, to crystallize and the amorphous compositions will therefore 
become unstable. 

Furthermore, the lowTg of the particle containing drug and poloxamer 
makes manufacture of the solid composition more difficult. For example, an efficient 
20 and cost-effective method forfonming solid compositions containing amorphous drug is 
by a solvent-based process, such as by spray-diying. As discussed below. In this 
process the drug and poloxamer are dissolved in a common solvent to form a solution. 
This solution is then atomized and the solvent rapidly removed by evaporation. To 
ensure the solvent is removed at a sufficiently rapid rate to avoid phase separation of 
25 the drug and/or polymer, high temperatures may be used. Such high temperatures can 
make collection of drug/poloxamer particles having low TgS difficult, resulting In low 
yields and Inefficient processes. 

To improve the physical stability of particles containing primarily drug 
and poloxamer, the inventors have found that including a stabilizing polymer in the 
30 particles results In compositions having amorphous phases with relatively high Tg 
values, resulting in both Improved physical stability, and in increased processing 
options for fomnation of the solid compositions. Specifically, the stabilizing polymer Is 
preferably present in a sufficient amount such that the primary dmg-containing phase 
has a Tg of least about 40''C, preferably at least about 45'*C, and more preferably at 
35 least about SO^'C. Unless otherv^se noted, as used herein Tg refers to the Tg measured 
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at a relative humidity of less than about 10%. The Tg of a drug can be determined 
using standard analytical techniques well known in the art, including by a dynamic 
mechanical analyzer (DMA), a dilatometer, a dielectric analyzer, and by differential 
scanning calorimetry (DSC). The resulting solid compositions have improved physical 
S stability relative to a control composition consisting essentially of tiie drug and 
poloxamer at the same dmg loading, but wittiout tiie stabilizing polymer. 

The foregoing and other objectives, features, and advantages of the 
invention will be moie readily understood upon consideration of the following detailed 
description of the invention. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention relates to solid compositions comprising particles 
of a low-solubility drug, a poloxamer. and a stabilizing polymer. The solid compositions 
of the present invention contain a sufficient amount of poloxamer so as to be capable 

15 of achieving high concentrations of dissolved drug in in vitro and in vivo use 

environments. The solid compositions contain a stabilizing polymer to provide good 
physical stability, meaning that the drug in the solid compositions tends to remain in the 
amorphous form over time at arnblent storage conditions. The nature of the solid 
compositions, suitable poloxamers, stabilizing polymers, and low-solubility drugs, 

20 metiiods for making ttie compositions, and methods for detemilning concentration 
enhancement are discussed in more detail below. 

POLOXAMERS 
The drug-containing particles comprise a polyoxyethylene- 
25 polyoxypropylene block copolymer, also known' in the pharmaceutical arts as a 
"poloxamer." Poloxamers are crystalline or semicrystalline materials that generally 
have a molecular weight ranging from about 2000 to about 15,000 daltons and have 
the general formula: 

30 HO(C2H40)a(C3H60)b(C2H40)aH 

wherein a is about 10 to about 150, representing blocks of repeat units of polyethylene 
oxide or polyoxyethylene (referred to herein as the PEO segment), and b is about 20 to 
about 60, representing blocks of repeat units of polypropylene oxide or 
35 polyoxypropylene (referred to herein as the PPO segment), depending on the particular 



-6- 



grade. Suitable poloxatners are sold under the trade names PLURONIC and LUTROL. 
both available from BASF Corporation of Mt. Olive. New Jersey. Preferred poloxamers 
have a molecular weight of at least about 4.700 daltons and a melting point of at least 
about 45°C and so are solid at ambient temperatures. 
S Prefened grades of poloxamers include poloxamer 1 88 (PLURONIC 

F68). poloxamer 237 (PLURONIC F87), poloxamer 338 (PLURONIC F108), poloxamer 
407 (PLURONIC F127), the spedficaUons of which are given in Table 1, and mixtures 
of those poloxamers. 

10 Table 1 



Poloxamer 


Physical 

Fonfnat25*'C 


a 


b 


Average j 
Molecular 1 
Weight 
(daltons) 


188 


Solid 


80 


27 


7.680-9.510 


237 


Solid 


64 


37 


6,840-8.830 


338 


Solid 


141 


44 


12,700-17,400 


1 407 


Solid 


101 


56 


9.840-14.600 



STABILIZING POLYMERS 
The stabilizing polymer is selected from the group consisting of 
hydroxypropyl methyl cellulose acetate succinate, hydroxypropyl methyl cellulose 
IS phthalate, carboxymethyl ethyl cellulose, and hydroxypropyl methyl cellulose. Of these 
hydroxypropyl methyl cellulose acetate succinate and carboxymethyl ethyl cellulose are 
more preferred. Eac^ of these polymers has a relatively high Tg relative to the 
poloxamer. Each of these polymers also has at least some solubility in aqueous 
solution at physiologically relevant pHs O-e., 1 - 8). The stabilizing polymer should not 
20 chemically react with the drug in an adverse manner. 

SOLID PARTICLES OF DRUG. POLOXAMER AND STABILIZING POLYMER 
The solid particles of drug, poloxamer and stabilizing polymer are solid 
at temperatures up to 30*^0 and less than 10% RH. In order to keep the total mass of 
25 the composition small. It is preferred that the particle comprise at least about 5 \Art% 
drug. More preferably, the particle comprises at least about 10 \a^% drug, and most 
preferably at least about 20 wt% drug. In one embodiment, the particle has a high drug 
loading. Drug loading refers to the weight fraction of drug in the solid composition. In 
this embodiment, the drug may be present in an amount of at least about 40 wt% of the 
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particle or at least about 45 wt%, or may even be at least about 50 wt%, depending on 
the Tg of the particle, as detailed below. Such high loadings of drug are desirable to 
keep the total mass of the phanmaceutical composition at a low value. High drug 
loadings are possible for physically stable compositions having a high Tg (>50''C), also 

S detailed below. 

At least a substantial portion of the drug in the particles is amorphous. 
By "amorphous" is meant that the drug is in a non-crystalline state. As used herein, the 
term "a substantial portion" of the drug means that at least 75 wt% of the drug in the 
solid particles is in the amorphous form, rather than the crystalline form. It has been 

10 found that the aqueous concentration of the drug in a use environment tends to 

improve as the fraction of drug present In the amorphous state in the solid composition 
increases. Accordingly, a "substantial portion" of the drug in the particles is 
amorphous, and preferably the drug is "almost completely amorphous," meaning that 
the amount of drug in the crystalline form does not exceed 10 wt%. Amounts of 

15 crystalline drug may be measured by powder X-ray diffraction (PXRD), Scanning 
Electron Microscope (SEIVI) analysis, differential scanning calorimetry (DSC), or any 
other s^ndard quantitative measurement Most preferably the solid composition is 
substantially free of crystalline drug. 

The amount of poloxamer in the particle may range from at least about 

20 5 wt% to as much as 90 wt% of the particle. The inventors have found that including 
poloxamers over this broad range in the particles leads to compositions having 
enhanced dissolution or enhanced bioavailability, or both. 

The particles also comprise a stabilizing polymer. As described herein, 
including a stabilizing polymer in the particles can result In improved physical stability, 

25 in improved bioavailability. In enhanced drug concentrations, or any pne or more of 
these advantages. The amount of stabilizing polymer in the particles will depend on 
the relative amounts of drug and poloxamer in the particles, as dlsdosed herein. 
Generally, the particles comprise from at least about 5 wt% stabilizing polymer to no 
more than at>out 90 wt% stabilizing polymer. 

30 The amorphous drug in the solid composition is in intimate contact with 

the poloxamer and stabilizing polymer. The amorphous drug can exist as a pure phase 
in the particle, as a solid solution of drug homogeneously distributed throughout the 
poloxamer and the stabilizing polymer (i.e., a molecular dispersion), or any combination 
of these states or those states that lie between them. Without wishing to be bound by 

35 any theory, it is believed that the two different block portions of the poloxamer, i.e., the 
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PEO and PRO segments of the poloxamer, are present as different phases in each of 
the particles. As previously noted, the PEO portion may be semi-crystalline, such as in 
the form of lamellar sheets, and as such, contains little if any of the drug, the other 
phase is composed of amorphous PPO and stabilizing polymer, with all or part of the 
5 drug homogeneously dissolved in this phase. In some cases, particularly at high drug 
loading, a third phase may exist, consisting primarily of amorphous drug. Thus, the 
drug may be present primarily in the PPO portion, homogeneously distributed 
throughout the PPO portion and the stabilizing polymer; or the drug may be present as 
drug-rich domains interspersed throughout the particle; or may be in any combination 
10 of these two states or those states that lie between them. In cases where drug-rich 
amorphous domains exist, these domains are generally quite small; that is, less than 
about 1 pm In size. Preferably, such domains are less than about 100 nm in size.. The 
particles may have a single Tg, indicating that the drug is homogeneously dispersed 
throughout the poloxamer and stabilizing polymer, or may have two TgS, corresponding 
15 to a drug-rich phase and a drug-poor amorphous phase. Thus, while the drug in the 
particle is amorphous, a portion of the poloxamer in the composition may be in a 
crystalline or semi-crystalline state. Analysis of the solid compositions of the present 
invention by PXRD or other quantitative methods for detennining the crystaHinity of a 
material will typically indicate pealcs associated witii crystalline or semi-crystalline 
20 portion of the poloxamer. 

Solid compositions of the present invention provide good physical 
stability. As used herein, "physically stable" or "physical stability^ means the tendency 
of the amorphous drug present in the dispersion to crystallize at ambient storage 
conditions of 25®C and less than 10% RH. Thus, a solid composition that is more 
25 physically stable than another will have a slower rate of drug crystallization in the solid 
composition. Specifically, compositions of this invention have sufficient stability that 
less than about 10 wt% of the dmg crystallizes during storage for 3 weeks at 25*^0 and 
10% RH. Preferably, less Uian about 5 wt% of the drug crystallizes during storage for 
3 weeks at 25**C and 10% RH, and more preferably, after storage for 3 months at 25*'C 
30 and 10% RH. 

Wittiout wishing to be bound by any particular theory or medianism of 
action, it is believed that physically stable particles comprising amorphous drug and 
polymer generally fall into two categories: (1) Uiose that are thermodynamlcally stable 
(in which there is little or no driving force for crystallization of the amorphous drug in ttie 
35 solid composition) and (2) those tiiat are kinetically stable or metastable (in which a 
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driving force exists for crystallization of the amorplious drug but low drug mobility 
prevents or slows the rate of crystallization to an acceptable level). 

To achieve thennodynamically stable particles, the solubility of the 
amorphous drug in the polymer should be approximately equal to or greater than the 

5 drug loading of the particle. By drug loading is meant the weight fraction of drug in the 
solid particle. The particles may have a drug loading that is slightly higher than the 
solubility and still be physically stable, since the driving force for crystal nucleation in 
that case is quite low. By "slightly higher" is meant d drug loading 10 to 20% higher 
than the solubility of the drug in the poioxamer. Under these conditions, there is no 

10 driving force for crystallization of the amorphous drug. As a result, the particle is 
thermodynamically stable. 

When the drug loading in the solid drug/poloxamer particles Is 10% to 
20% greater than the solubility of the drug In the polymer (that Is, the solid composition 
is supersaturated in drug), the particles are not thermodynamically stable and a driving 

15 force exists for phase separation of the amorphous drug into a drug-rich phase. Such 
drug-rich phases may be amorphous and microscopic (less than about 1 pm in size), 
amorphous and relatively large (greater than about 1 pm in size) or crystalline in 
nature. Thus, following phase separation, the compositions can consist of two or more 
of the following phases: (1) a drug-rich phase comprising primarily drug; (2) a phase 

20 comprising amorphous drug dispersed in the poioxamer and stabilizing polymer, and 
(3) a phase comprising semi-crystalline PEO segments of the poioxamer. The 
amorphous drug in the drug-rich phases can over time convert from the amorphous 
fomi to the lower-energy crystalline form. For a given drug loading, the physical 
stability of such particles will generally be greater the lower the molecular mobility is of 

25 the amorphous drug in the drug-containing phase(s) and the lower the tendency is for 
the amorphous drug to crystallize from the drug-rich phases. 

Molecular mobility may be controlled by forming solid particles with high 
Tg values. The Tg of the daig-containlng phase(s) is an indirect measure of the 
molecular mobility of the drug in the particles. The ratio of the Tg of the drug-containing 

30 phase to the storage temperature (Tstorage) for the solid composition (in K) is an 

accurate indicator of the relative drug mobility at a given storage temperature, in order 
to minimize phase separation, it is desired that Vt\B mobility of the amorphous drug in 
the particles Is low. This is accomplished by maintaining a ratio of TgOf the solid 
partlcles/Tstoraga of greater than about 1. Since typical storage temperatures can be as 

35 high as 40''C, it is preferred that the Tg of the drug-containing phase is at least about 
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40'C, more preferably at least about 45*^0. and most preferably at least about 50*C. 
Since the Tg is a function of the water content of the drug-containing particles, which in 
turn is a function of the relative humidity to which the drug-containing particles are 
exposed, these Tg values refer to the Tg of the particles that have been equilibrated 

5 with an atmosphere that has a low relative humidity, that is, less than about 10% of 
saturation (or an RH of about 10% or less). 

The stabilizing polymer Is preferably present in the solid compositions of 
the present invention in an amount sufficient to result In a Tg for the primary drug- 
containing phase tiiat is at least AO^'C, more preferably at least 45*'C, and most 

10 preferably at least 50''C. One sidlled In the art will realize that the amount of stabilizing 
polymer needed to achieve this will be dependent on the amount and properties of the 
drug and poloxamer present. In a preferred embodiment, the stabilizing polymer is 
present in a sufficient amount such that the lowest Tg of the particle is at least 40'>C, 
more preferably at least 45''C and even more preferably at least SO'^C. 

15 In one embodiment, the poloxamer is the primary non-drug component 

of the particles. In this embodiment, the mass ratio of poloxamer to stabilizing polymer 
in flie solid composition is greater than about 1 , may be greater than about 1 .5, or may 
be greater than about 2. The particle may comprise from about 5 wt% to about 40 wt% 
stabilizing polymer. Depending on the properties of the drug, including small amounts 

20 of a stabiliang polymer in the solid composition, such as at least 5 wt%. 10 wt%, or 
20 wt%, can raise the Tg of the particles sufficiently to result in improved physical 
stability. 

This embodiment, in which the poloxamer is the primary component of 
the particle, has particular utility for drugs that have a Tg that is close to or greater than 

25 ambient storage conditions. Without wishing to be bound by any particular theory, it is 
believed that the higher the Tg of the drug, the higher the Tg of the particle, and the 
lower the molecular mobility of the amorphous drug in the solid particle. As a result, 
solid particles formed with low-solubility drugs having moderate to high Tg values and a 
significant amount of poloxamer tend to have higher Tg values themselves, and as a 

30 result, require smaller amounts of a stabilizing polymer to improve the physical stability 
of the amorphous drug. Thus, the Tg of the drug alone in this embodiment may be at 
least about 20''C, but preferably is at least about SO^'C, and most preferably is at least 
about 40**C. 

In a separate embodiment, the stabilizing polymer constitutes the 
35 primary non-drug component of the particles. This embodiment has particular utilify for 
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drugs that have either low glass transition temperatures, or that have an undesirably 
low dissolution rate or poor bioavailability. In the first case, particles containing a drug 
with a Tg of less than 40X may nonetheless have a Tq of the particle above 40'C by 
Including a significant amount of stabilizing polymer. This embodiment also has utility 
for drugs that may have a high Tg but that have an undesirably low dissolution rate, 
poor bioavailability, or both. The addition of a relatively small amount of poloxamer to a 
molecular dispersion consisting primarily of the amorphous drug and stabilizing 
polymer may result in significant improvement in the dissolution rate, or in 
bioavailability, or in both. In this embodiment, the mass ratio of stabilizing polymer to 
poloxamer in the solid composition is greater than about 1 , may be greater than about 
1 .5, or may be greater than about 2. The particle may comprise from about 5 wt% to 
about 40 wt% poloxamer. Depending on the properties of the drug, the inclusion of 
small amounts of a poloxamer In the particle, such as at least 5 wt%, 10 wt%, or 20 
wt% of the particle, can improve the dissolution rate or bioavailability or both. 

LOW-SOLUBILITY DRU.GS 
The term "drug" is conventional, denoting a compound having beneficial 
prophylactic and/or therapeutic properties when administered to an animal, especially 
humans. Preferably, the drug is a "low-solubility drug," meaning that the drug has a 
minimum aqueous solubility at physiologically a relevant pH (I.e., pH 1 - 8) of about 
0.5 mg/mL or less. The Invention finds greater utility as the aqueous solubility of the 
drug decreases. Thus, compositions of the present invention are preferred for low- 
solubility drugs having an aqueous solubility of less than abovX 0.1 mg/mL, more 
preferably less than about 0.05 mg/mL, and most preferably less than about 
0.01 mg/mL In general, it may be said that the dmg has a dose-to-aqueous solubility 
ratio greater than about 10 mL, and more typically greater than about 100 mL, where 
the aqueous solubility (mg/mL) is the minimum value observed in any physiologically 
relevant aqueous solution (i.e.» pH 1 - 8), including USP simulated gastric and intestinal 
buffers, and dose Is In mg. Thus, a dose-to-aqueous solubility ratio may be calculated 
by dividing the dose (in mg) by the aqueous solubility (in mg/mL). 

Preferred classes of drugs include, but are not limited to, 
antihypertensives, antianxiety agents, anticlotting agents, anticonvulsants, blood 
glucose-lowering agents, decongestants, antihistamines, antitussives, antineoplastics, 
beta blockers, anti-inflammatories, antipsychotic agents, cognitive enhancers, 
cholesterol-reducing agents, anti-atherosclerotic agents, antiobeslty agents, 
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autoimmune disorder agents, anti-impotence agents, antibacterial and antifungal 
agents, hypnotic agents, antl-Parfcinsonism agents, anti-Alzheimer's disease agents, 
antibiotics, anti-depressants, antiviral agents, glycogen phosphorylase inhibitors, and 
cholesteryl ester transfer protein (CETP) inhibitors. 

S Each named drug should be understood to include any pharmaceutically 

acceptable fomns of the drug. By "pharmaceuUcally acceptable fomns" is meant any 
pharmaceutically acceptable derivative or variation, including stereoisomers, 
stereoisomer mixtures, enantiomers. solvates, hydrates, isomorphs. polymorphs, 
pseudomorphs, neutral forms, salt forms and prodrugs. Specific examples of 

10 antihypertensives include prazosin, nifedipine, amiodipine besylate, trimazosin and 
doxazosin; specific examples of a blood glucose-lowering agent are glipizide and 
chlorpropamide; a specific example of an anti-impotence agent is sildenafil and 
sildenafil citrate; specific examples of antineoplastics include chlorambucil, lomustine 
and echinomycin; a specific example of an Imidazole-type antineoplastic is tubulazole; 

15 a specific example of an anti-hyperchotesterolemic is atorvastatin calcium; specific 
examples of anxiolytics include hydroxyzine hydrochloride and doxepin hydrochloride; 
specific examples of anti-inflammatory agents include betamethasone, prednisolone, 
aspirin, piroxicam, valdecoxib, carprofen, celecoxib, flurbiprofen and (+)-N-{4-[3-(4- 
fluorophenoxy)phenoxyl-2-cyclopenten-1-yl}-N-hyroxyurea; a specific example of a 

20 barbiturate is phenobarbital; spedflc examples of antivirals include acyclovir, nelfmavir, 
and virazole; specific examples of vitamins/nutritional agents include retinol and vitamin 
E; specific examples of beta blockers include timolol and nadolol; a specific example of 
an emetic is apomorphine; specific examples of a diuretic include chlorthalidone and 
spironolactone; a specific example of an anticoagulant Is dicumarol; specific examples 

25 of cardiotonics include digoxin and digitoxin; specific examples of androgens include 
17-methyltestosterone and testosterone; a specific example of a mineral corticoid is 
desoxycorticosterone; a specific example of a steroidal hypnotic/anesthetic is 
alfaxalone; specific examples of anabolic agents include fluoxymesterone and 
methanstenolone; specific examples of antidepression agents include sulpiride, [3,6- 

30 dimethyl-2-(2,4,6-trimethyl-phenoxy)-pyridin-4-yl]-(1-ethylpropyI)-amine, 3,5-dimethyl-4- 
(3 -pentoxy)-2-(2\4\6'-trimethylphenoxy)pyridine, pyroxidlne. fluoxetine, paroxetine, 
venlafaxine and sertraline; specific examples of antibiotics include carbenicillin 
indanylsodium. bacampicillin hydrochloride, troleandomycin, doxycyline hyclate, 
ampicillin and penicillin G; specific examples of anti-infectives include benzalkonium 

35 chloride and chlorhexidine; specific examples of coronary vasodilators include 
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nltroglycerin and mioflazlne; a specdfic example of a hypnotic Is etomidate; specific 
examples of carbonic anhydrase inhibitors include acetazolamide and chlorzolamide; 
specific examples of antifungals include econazole, terconazole, fluconazole, 
voriconazole, and griseofulvin; a specific example of an antiprotozoal is metronidazole; 
5 spedfic examples of anthelmintic agents include thiabendazole and oxfendazole and 
morantel; specific examples of antihistamines include astemizole, levocabastine, 
cetirizinep decarboethoxyloratadine and cinnarizine; specific examples of antipsychotics 
include ziprasidone, olanzapine, thiothixene hydrochloride, fluspirilene, risperidone and 
penfiuridole; specific examples of gastrointestinal agents include loperamide and 
10 cisapride; specific examples of serotonin antagonists include Icetanserin and mianserin; 
a specific example of an anesthetic Is lidocaine; a specific example of a hypoglycemic 
agent Is acetohexamide; a specific example of an anti-emetic is dimenhydrinate; a 
specific example of an antibacterial is cotrimoxazole; a specific example of a 
dopaminergic agent is L-DOPA; specific examples of anti-Alzheimer's Disease agents 
15 are THA and donepezil; a specific example of an anti-ulcer agent/H2 antagonist is 

famotidine; specific examples of sedative/hypnotic agents include chlordiazepoxideand 
triazolam; a specific example of a vasodilator is alprostadil; a specific example of a 
platelet inhibitor is prostacyclin; specific examples of ACE inhibitor/antihyperlensive 
agents include enalaprilic add and lisinopril; specific examples of tetracycline 
20 antibiotics include oxytetracyciine and minocycline; specific examples of macrolide 
antibiotics include erythromycin, clarithromycin, and spiramycin; a specific example of 
an azalide antibiotic is azithromycin; specific examples of glycogen phosphorylase 
inhibitors include [R-(R*s•)]-5-chloro-N-[2-hydroxy-3-{methoxymethylamino^3-oxo-1- 
(phenylmethyi)propyl-1H-indole-2-carboxamide and 5-chloro-1H-indole-2-carboxylic 
25 acid [(1 S)-benzyl-(2R)-hydroxy-3-((3R,4S)-dihydroxy-pyn-oridln-1 -yl-)-3- 

oxypnDpyfJamlde; and specific examples of cholesteryl ester transfer protein (CETP) 
inhibitors include [2R,4S] 4-[(3,5-bis-trifluoronTethyl-benzyi)-methoxycari3onyl-amino 
ethyl-6-trifluoromethyl-3,4-dihydro-2H-quinoline-1-cartDOxyiic add ethyl ester, [2R,4S1 4- 
[acety!-(3.5-bis-trifluoromethy|.benzyl)-amlrio]-2-ethyl-6-trifluorom^ 
30 qulnoline-1-cartDOxylic add isopropyl ester, [2R. 4S] 4-[{3,5-bis-trifluoromethyl-benzyl)- 
methoxycarbonyl-amino]-2-ethyl-6-trifluoromethyl-3,4-dihydro-2H-quinoline-1-carboxylic 
add isopropyl ester. (2R)-3-[[3-(4-chloro-3-ethylphenoxy)phenyll[[3-(1,1.2,2- 
tetrafluoroethoxy)phenyl]methyl]aminol-1,1.1-trifluora-2-propanol, the drugs disdosed in 
commonly owned U.S. Patent Application Serial Nos. 09/918.127 and 10/066,091, both 
35 of which are incorporated herein by reference in their entireties for all purposes, and the 
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drugs disdosed in the following patents and published applications: DE 19741400 A1; 
DE 19741399 A1; WO 9914215 A1; WO 9914174; DE 19709125 A1; DE 19704244 A1; 
DE 19704243 A1; EP 818448 A1; WO 9804528 A2; DE 19627431 A1; DE 19627430 
A1; DE 19627419 A1; EP 796846 A1; DE 19832159; DE 818197; DE 19741051; WO 

5 9941237 A1; WO 9914204 A1; WO 9835937 A1; JP 11049743; WO 200018721; WO 
200018723; WO 200018724; WO 200017164; WO 200017165; WO 200017166; EP 
992496; and EP 987251 , all of which are hereby incorporated by reference in their 
entireties for all purposes. 

The present Invention has particular utility for use with hydrophobic 

10 drugs. In contrast to conventional wisdom, the relative degree of enhancement in 
aqueous concentration and bioavailability provided by the compositions of the present 
invention generally improves for drugs as solubility decreases and hydrophobicity 
increases. In fact, the inventors have recognized a subclass of hydrophobic drugs that 
are essentially aqueous-insoluble, highly hydrophobic, and are characterized by a set 

15 of physical properties. This subclass, refenred to herein as ''hydrophobic drugs," 
exhibits dramatic enhancements in aqueous concentration and bioavailability when 
formulated using the polymers of the present invention. 

The first property of hydrophobic drugs is extremely low aqueous 
solubility. By extremely low aqueous solubility is meant that the minimum aqueous 

20 solubility at a physiologically relevant pH (pH 1 - 8) is less than about 10 pg/ml and 
typically less than about 1 pg/ml. 

A second property is a very high dose-to-solubility ratio. By "very high 
dose-to-solubllity ratio" is meant that the dose-to-splubility ratio may have a value of at 
least 1000 ml, at least 5,000 ml, or even at least 10,000 mi. Extremely low aqueous 

25 solubility often leads to poor or slow absorption of the drug from the fluid of the 
gastrointestinal tract, when the drug is dosed orally in a conventional manner. For 
extremely low-solubility drugs, poor absorption generally becomes progressively more 
difficult as the dose (mass of drug given orally) Increases. 

A third property of hydrophobic drugs is that they are extremely 

30 hydrophobic. By ''extremely hydrophobic" is meant that the Log P value of the drug 
may have a value of at least 4.0, a value of at least 5.0, and even a value of at least 
5.5. Log P. defined as the base 10 logarithm of tlie ratio of the drug solubility in octanol 
to the drug solubility in water, is a widely accepted measure of hydrophobicity. Log P 
may be measured experimentally or calculated using methods known in the art. 
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Calculated Log P values are often referred to by the calculation mettiod, such as 
Clog P, Alog P, and Mlog P. 

A fourth property of hydrophobic drugs is ttiat they have a low melting 
point. Generally, drugs of this subclass will have a melting point of about ISO^'C or 

S less, and often about 140^C or less. 

Primarily as a consequence of some or all of these four properties, 
hydrophobic drugs typically have slow dissolution rates and very low absolute 
bioavailabilities. Specifically, the absolute bioavailability In this subclass of drugs when 
dosed orally in their undispersed state is less than about 10% and more often less than 

10 about 5%. The use of a poloxamer in combination with such drugs may Improve their 
dissolution rate, bioavailability, or both. The poloxamer may act as a dissolution 
enhancer to increase the dissolution rate of the drug. In addition, when the solid 
compositions are introduced to an aqueous environment of use, the hydrophobic drugs 
partition into the poloxamer micelles that form in the aqueous environment, increasing 

IS the concentration of dissolved drug, as discussed further herein. The stabilizing 
polymers function to Improve the stability of the poloxamer/drug system. As a result, 
solid compositions comprising hydrophobic drugs, poloxamers, and stabilizing 
polymers provide a unique combination of physical stability and concentration 
. enhancement. 

20 

METHODS FOR MAKING PARTICLES CONTAINING DRUG. POLOXAMER AND 

STABILIZING POLYMER ' 
The particles containing drug, poloxamer, and stabilizing polymer may 
be formed by any conventional method, such as by solvent processes, thermal 
25 process, or mechanical processes, that results In at least a substantial portion, that Is, 
at least 75 wt% of tiie dmg being in tiie amorphous state. 

The particles of drug, poloxamer, and stabilizing polymer are well suited 
for fomiation by solvent processes. The high Tg of tiie solid compositions of the 
present invention allow for selection of processing conditions that lead to fbnnation of 
30 solid materials with a minimum of phase separation of Uie drug in the particles. By 
phase separation is meant that a significant amount of the drug in the particles 
separates into domains rich in amorphous drug. When phase separation does occur 
and drug-rich domains form, conditions causing solvent to be removed rapidly causes 
the domains to be quite small — generally less than about 1 pm In size and preferably 
35 less than about 200 nm in size. 
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In solvent processes, the low-solubility drug, poloxamer, and stabilizing 
polymer are dissolved in a common solvent "Common" here means that the solvent, 
which can be a mixture of compounds,*will dissolve the drug, the poloxamer, and the 
stabilizing polymer. After the drug, poloxamer, and stabilizing polymer have been 
dissolved, the solvent is removed by evaporation or by mixing with a non-solvent 
Exemplary processes are spray-drying, spray-coating (pan-coating, fluidized bed 
coating, eta), rotoevaporation. and precipitation by rapid mixing of the polymer and 
drug solution with CO2. water, or some other non-solvent. Preferably, removal of the 
solvent results in at least a substantial portion of the drug being in the amorphous 
state. 

Solvente suitable for solvent processing are preferably volatile, having a 
boiling point of 150*»C or less. In addition, the solvent should have relatively low toxicity 
and be removed from the solid composition to a level that is acceptable according to 
The International Committee on Harmonization (ICH) guidelines. Removal of solvent to 
this level may require a subsequent processing step such as tray-drying. Preferred 
solvents include water; alcohols such as methanol, and ethanol; ketones such as 
acetone, methyl ethyl ketone and methyl Iso-butyl ketone; and various other solvents 
such as acetonitrile, methylene chloride, and tetrahydrofuran. Lower volatility solvents 
such as dimethyl acetamide or dimethylsulfoxide can also be used in small amounts in 
mixtures with a volatile solvent Mixtures of solvents, such as 50% methanol and 50% 
acetone, can also be used, as can mixtures with water, so long as the poloxamer, 
stabilizing polymer, and drug are sufficienUy soluble to make the process practicable. 
Generally, due to the hydrophobic nature of low-solubility drugs, non-aqueous solvents 
are prefenred, meaning that the solvent comprises less than about 30 wt% water. 

The solvent may be removed by spray-drying. The term "spray-drying" 
is used conventionally and broadly refers to processes involving breaking up liquid 
mixtures into small droplets (atomization) and rapidly removing solvent from the 
mixture In a spray-drying apparatus where there is a strong driving force for 
evaporation of solvent from the droplets. Spray-drying processes and spray-drying 
equipment are described generally In Perry's Chemical Engineers' Handbook, pages 
20-54 to 20-57 (Sixth Edition 1984). More details on spray-drying processes and 
equipment are reviewed by Marshall, "Atomization and Spray-Drying," 50 Chem. Eng. 
Prog. Monogr. Series 2 (1954), and Masters, Spray Drying Handbook (Fourth Edition 
1985). The strong driving force for solvent evaporation is generally provided by 
maintaining the partial pressure of solvent In the spray-drying apparatus well below the 
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vapor pressure of the solvent at the temperature of the drying droplets. This is 
accomplished by (1) maintaining the pressure in the spray-<irying apparatus at a partial 
vacuum (e.g., 0.01 to 0.50 atm); or (2) mixing the liquid droplets with a warm drying 
gas; or (3) both (1 ) and (2). In addition, at least a portion of the heat required for 
evaporation of solvent may be provided by heating the spray solution. 

The solvent-bearing feed, comprising the drug, the poloxamer, and the 
stabilizing polymer can be spray-dried under a wide variety of conditions and yet still 
^eld compositions with acceptable properties. For example, various types of no2zles 
can be used to atomize the spray solution, thereby introducing the spray solution into 
the spray-dry chamber as a collection of small droplets. Essentially any type of nozzle 
may be used to spray the solution as long as the droplets that are fomied are 
sufficiently small that they dry sufficiently (due to evaporation of solvent) that they do 
not stick to or coat the spray-drying chamber wall. 

Although the maximum droplet size varies widely as a function of the 
size, shape and flow pattern within the spray-dryer, generally droplets should be less 
than about 500 pm in diameter when they exit the nozzle. Examples of types of 
nozzles that may be used to form the solid compositions include the two-fluid nozzle, 
the fountain-type nozzle, the fiat fan-type nozzle, the pressure nozzle and the rotary 
atomizer. In a preferred embodiment, a pressure nozzle is used, as disclosed in detail 
in commonly assigned copending U.S. Application No. 10/351,568, the disclosure of 
which is incorporated herein by reference. 

The spray solution can be delivered to the spray nozzle or nozzles at a 
wide range of temperatures and flow rates. Generally, the spray solution temperature 
can range anywhere from just above the solvents freezing point to about 20^C above 
its ambient pressure boiling point (by pressurizing the solution) and in some cases 
even higher. Spray solution flow rates to the spray nozzle can vary over a wide range 
depending on the type of nozzle, spray-dryer size and spray-dry conditions such as the 
inlet temperature and flow rate of the drying gas. Generally, the energy for evaporation 
of solvent from the spray solution in a spray-drying process comes primarily from the 
drying gas. 

The drying gas can, in principle, be essentially any gas. but for safety 
reasons and to minimize undesirable oxidation of the drug or other materials in the 
solid composition, an inert gas such as nitrogen, nitrogen-enriched air or argon is 
utilized. The drying gas is typically introduced into Uie drying chamber at a 
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temperature between about 60"" and about 300''C and preferably between about SO"* 
and about 240*'C. 

The large surface-to-volume ratio of the droplets and the large driving 
force for evaporation of solvent leads to rapid solidification times for the droplets. 

5 Solidification times should be less than about 20 seconds, preferably less than about 
10 seconds, and more preferably less than 1 second. This rapid solidification Is often 
critical to the particles maintaining a unifonn. homogeneous phase of dmg and polymer 
instead of separating Into drug-rich and polymer-rich phases. In a prefenred 
embodiment, the height and volume of the spray-dryer are adjusted to provide 

10 sufficient flme for the droplets to dry prior to impinging on an internal surface of the 
spray-dryer, as described in detail in commonly assigned, copending U.S. Application 
No. 10/353,746, the disclosure of which is incorporated.hereln by reference. 

The Inventors have found that while the properties of the spray-dried 
composition can vary greatly depending on the spray-drying conditions, nevertheless 

15 the temperature of the exhaust drying gas at the outlet, or Tout, appears to be critical to 
producing solid particles with a minimum of phase separation of the drug. Generally, it 
is desirable that the solvent be rapidly removed, resulting in rapid solidification of the 
droplets. In conventional spray-drying applications, this is accomplished by raising 
Tout. However, if Tour is greater than the Tg of the particles, the mobility of the drug in 

20 the particles is high during the spray-drying process, and the drug may phase separate 
in the composition, and may ultimately crystallize. Thus, particles having a minimum 
amount of phase-separated drug are most likely to result when Tout is maintained 
below the Tg of the solid composition. Accordingly, preferably Tom* is less than the Tg 
of the solid particles plus 20**C (Tg+ 20^C). and more preferably less than the Tg. The 

25 higher the Tg of the composition, the higher Tout can be while producing particles 
having minimum amounts of phase-separated drug. 

Following solidification, the solid powder typically stays in the spray- 
drying chamber for about 5 to 60 seconds, further evaporating solvent from the solid 
powder. The final solvent content of the solid composition as It exits the dryer should 

30 be low, since this reduces the mobility of the dmg molecules In the solid composition, 
thereby improving its stability. Generally, the solvent content of the solid composition 
as it leaves the spray-drying chamber should be less than 10 wt% and preferably less 
than 2 wt%. Following fomnatlon, the solid composition can be dried to remove residual 
solvent using suitable drying processes, such as tray-drying, fluid bed drying, 
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microwave drying, belt dr^ng, rotary drying, vacuum drying, and other drying 
processes known in the art 

In another embodiment the solid composition is formed by a 
rotoevaporation process. In this process the dmg, poloxamer, and stabilizing polymer 

S are dissolved in a common solvent as described above. The solvent is then removed 
by rotoevaporation. The resulting thick syrup or solids may then be dried on a high 
vacuum ilne. The resulting solids are preferably formed into small particles, such as by 
using a mortar and pestle or other milling processes known in the art. The particles 
may be sieved and dried as necessary to obtain a material with the desired properties. 

10 In another embodiment, the particles are formed by spraying a coating 

solution of the drug, poloxamer and stabilizing polymer onto seed cores. The seed 
cores can be made from any suitable material such as starch, microcrystalline 
cellulose, sugar or wax, by any known method, such as melt- or spray-congealing, 
exlrusion/spheronization, granulation, spray-drying and the like. 

IS The coating solution can be sprayed onto such seed cores using coating 

equipment known in the pharmaceutical arts, such as pan coaters (e.g., Hi-Coater 
available from Freund Corp. of Tokyo, Japan, Accela-Cota available from Manesty of 
Liverpool, U.K.), fluidized bed coaters (e.g., Wurster coaters or top-sprayers available 
from Giatt Air Technologies of Ramsey, New Jersey and from Niro Phanma Systems of 

20 Bubendorf. Switzeriand) and rotary granulators (e.g., CF-Granulator, available from 
Freund Corp). 

CONCENTRATION ENHANCEIVIENT 
The solid compositions of the present invention are concentration- 

25 enhancing. The term "concentration-enhancing" means that the poloxamer is present 
in a sufficient amount in the composition so as to improve the concentration of the drug 
in a use environment relative to a control composition. As used herein, a "use 
environment" can be either the in vivo environment of the Gl tract, subdenmal, 
intranasal, buccal, intrathecal, ocular, intraaural, subcutaneous spaces, vaginal tract, 

30 arterial and venous blood vessels, pulmonary tract or intramuscular tissue of an animal, 
such as a mammal and particularly a human, or the in vitro environment of a test 
solution, such as phosphate buffered saline (PBS) or a Model Fasted Duodenal (MFD) 
solution. Concentration enhancement may be determined through either in vitro 
dissolution tests or through in vivo tests. It has been detemnined that enhanced drug 

35 concentration in in vitro dissolution tests in Model Fasted Duodenal (MFD) solution or 



-20- 



Phosphate Buffered Saline (PBS) is a good indicator of in vivo performance and 
bioavailability. An appropriate PBS solution is an aqueous solution comprising 20 mM 
sodium phosphate (Na2HP04), 47 mM potassium phosphate (KH2PO4), 87 mM NaCI, 
and 0.2 mM KCI, adjusted to pH 6.5 with NaOH. An appropriate MFD solution is the 
5 same PBS solution wherein additionally is present 7.3 mM sodium taurocholic acid and 
1.4 mM of 1'-palmitoyl-2-oleyl-sn-glycero-3-phosphocholine. In particular, a 
composition of the present invention may be dissolution-tested by adding it to MFD or 
PBS solution and agitating to promote dissolution. 

In one aspect, a composition of the present invention, when dosed to an 
10 aqueous use environment, provides a maximum drug concentration (MDC) that is at 
least 1.25-foId that of a control composition. In other words, if the MDC provided by the 
control composition is 100 lutg/mL, then a composition of the present invention provides 
an MDC of at least 125 ^g/mL More preferably, the MDC of drug provided by a 
composition of the present invention is at least 2-fold, even more preferably at least 
15 3-fold, and most preferably at least 5-fold that of the control composition. 

The control composition is conventionally the undispersed drug alone 
(e.g.. typically, the crystalline drug alone in its most thermodynamically stable 
crystalline fomn, or in cases where a crystalline form of the drug is unl^nown, the control 
may be the amorphous drug alone) or the drug plus a weight of inert diluent equivalent 
20 to the weight of poloxamer and stabilizing polymer in the test composition. By Inert is 
meant that the diluent is not concentration-enhancing. 

Preferably, the solid compositions provide concentration enhancement 
relative to a control composition consisting essentially of a particle consisting of an 
equivalent drug loading of amorphous drug in the stabilizing polymer but no poloxamer. 
25 Alternatively, the compositions of the present invention provide in an 

aqueous use environment a concentration versus time Area Under the Curve (AUC), 
for any period of at least 90 minutes between the time of introduction into the use 
environment and about 270 minutes following introduction to the use environment that 
is at least 1 .25-fold that of the control composition. More preferably, the AUC in the 
30 aqueous use environment provided by the compositions of the present invention are at 
least 2-fold, more preferably at least 3-fold, and most preferably at least 5-fold that of a 
control composition. 

Alternatively, the compositions of the present invention, when dosed 
orally to a human or other animal, provide an AUC in drug concentration in the blood 
35 plasma or serum that is at least 1 .25-fold that obsen^ed when an appropriate control 
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composition is dosed. Preferably, the blood AUC is at least about 2-fold, preferably at 
least about 3-fold, preferably at least about 4-fold, preferably at least about 6-fold, 
preferably at least about 10-fold, and even more preferably at least about 20-fold that 
of the control composition. It is noted that such compositions can also be said to have 

S a relative bioavailability of from about 1 .25-fold to about 20-fold Uiat of tiie control 
composition. Thus, the compositions that, when evaluated, meet either the in vitro or 
the in vivo, or both performance criteria are a part of this invention. 

Alternatively, the compositions of the present invention, when dosed 
orally to a human or other animal, provide an MDC in the blood plasma or serum (C^ax) 

10 that Is at least 1 .25-fold that obsen/ed when an appropriate control composition Is 
dosed. Preferably, the blood Cmax is at least about 2-fold, preferably at least about 
3-fold, preferably at least about 4-fold, preferably at least about 6-fold, preferably at 
least about 10-fold, and even more preferably at least about 20-fold that of the control 
composition. 

15 A typical In vitro test to evaluate enhanced drug concentration can be 

conducted by (1) introducing with agitation a sufficient quantity of test composition (that 
Is, the composition of the low-solubility drug, poloxamer, and stabilizing polymer) to a 
test medium, such that if all of the drug dissolved, the theoretical concentration of dmg 
would exceed tiie equilibrium concentration of the drug by a factor of at least 2; (2) in a 

20 separate test, adding an appropriate amount of control composition to an equivalent 
amount of test medium; and (3) detennining whether the measured MDC and/or AUC 
of the test composition in the test medium is at least 1.25-fold that provided by the 
control composition. In conducting such a dissolution test, the amount of test 
composition or control composition used is an amount such that if all of tiie drug 

25 dissolved, the drug concentration would be at least 2-fold, preferably at least 1 0-fold, 
and most preferably at least 100-fold that of the solubility (that is, the equilibrium 
concentration), of the drug. For some test compositions of a very low-solubility drug, a 
poloxamer, and a stabilizing polymer, it may be necessary to administer an even 
greater amount of the test composition to determine the MDC. 

30 The concentration of dissolved drug is typically measured as a function 

of time by sampling the test medium and plotting drug concentration in the test medium 
vs. time so that tiie MDC and/or AUC can be ascertained. The MDC is taken to be the 
maximum value of dissolved drug measured over the duration of the test. The 
aqueous AUC is calculated by integrating the concentration versus time curve over any 

35 90-minute time period between the time of introduction of the composition into the 
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aqueous use environinent (when time equals zero) and 270 minutes following 
Introduction to tiie use environment (when time equals 270 minutes). Typically, when 
the composition reaches its MDC rapidly, in say less than about 30 minutes, the time 
interval used to calculate AUC is from time equals zero to time equals 90 minutes. 
However, if the AUC of a composition over any 90-minute time period described above 
meets the criterion of this invention* then the composition formed is considered to be 
within the scope of this invention. 

To avoid drug particulates that would give an erroneous detenmination, 
the test solution is either filtered or centrifuged. "Dissolved dmg" is typically taken as 
that material that either passes a 0.45 pm syringe filter or, altematively, the material 
that remains in the supematant following centrifugation. Filtration can be conducted 
using a 13 mm, 0.45 pm polyvinyiidine difluoride syringe filter sold by Scientific 
Resources under the trademaric TITAN®. Centrifugation is typically carried out in a 
polypropylene microcentrifuge tube by centrifuging at 13,000 G for 60 seconds. Other 
similar filtration or centrifugation methods can be employed and useful results obtained. 
For example, using other types of microfilters may yield values somewhat higher or 
lower (±10-40%) than that obtained with the filter specified above but will still allow 
identification of preferred compositions- It is recognized that this definition of "dissolved 
drug" encompasses not only monomeric solvated drug molecules but also a wide range 
of species such as polymer/drug assemblies that have submicron dimensions such as 
drug aggregates, aggregates of mixtures of polymer and drug, micelles, polymeric 
micelles, colloidal particles or nanocrystals. polymer/drug complexes, and other such 
drug-containing species that are present in the filtrate or supematant in the specified 
dissolution test. 

Alternatively, the compositions of the present invention, when dosed 
orally to a human or other animal, results in improved bioavailability or an enhanced 
Cmax. The relative bioavailability and Cmax of drugs in the compositions can be tested In 
vivo in animals or humans using conventional methods for maidng such a 
determination. An in vivo test, such as a crossover study, may be used to determine 
whether a composition of drug and poloxamer provides an enhanced relative 
bioavailability or Cmax compared with a control composition as described above. In an 
in vivo crossover study a test composition comprising a low-solubility drug, a 
poloxamer. and a stabilizing polymer is dosed to half a group of test subjects and, after 
an appropriate washout period (e.g., one week) the same subjects are dosed with a 
control composition described above. The other half of the group is dosed with the 
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control composition first, followed by the test composition. The relative bioavailability is 
measured as the concentration of drug in the blood (serum or plasma) versus time area 
under the curve (AUG) detenmined for the test group divided by the AUG in the blood 
provided by the control composition. Preferably, this test/control ratio is detemiined for 

5 each subject, and then the ratios are averaged over all subjects in the study. LHcewise, 
the Gmax may be detenmined from the concentration of drug in the blood versus time for 
the test group divided by that provided by the control composition. In vfvo 
detenminations of G^ax and AUG can be made by plotting the serum or plasma 
concentration of drug along the ordinate (y-axis) against time along the abscissa (x- 

10 axis). To facilitate dosing, a dosing vehicle may be used to administer the dose. The 
dosing vehicle is preferably water, but may also contain materials for suspending the 
test or control composition, provided these materials do not dissolve the composition or 
change the drug solubility in vivo. The determination of Cmax and AUCs is a well-known 
procedure and is described, for example, in Welling, "Pharmacokinetics Processes and 

IS Mathematics,** AGS IVIonograph 185 (1986). 

IMPROVED PHYSIGAL STABILITY 
In one embodiment, the solid particles of drug, poloxamer, and 
stabilizing polymer provide improved physical stability relative to a control composition. 

20 For determining improvements in physical stability, the control composition consists 
essentially of particles having the same drug loading in poloxamer only, but without the 
stabilizing polymer. 

An improvement in physical stability may be detemnined by comparing 
the rate of crystallization of the drug in a "test composition" comprising a drug, 

25 poloxamer, and stabilizing polymer of the present invention, with the rate of 

crystallization of drug in the control composition. The rate of crystallization of drug may 
be measured by determining the fraction of drug in the crystalline state in the test 
composition or control composition over time in a typical storage environment. This 
may be measured by any standard physical measurement, such as by PXRD, DSG, 

30 solid state NMR or Scanning Electron Microscope C'SEM") analysis. Daig in a 

physically stable test composition will crystallize at a slower rate than the drug in the 
control composition. Preferably, the rate of crystallization of the drug in the test 
composition is less than 90%, and more preferably less than 80%, of the rate of 
crystallization of drug in the control composition. Thus, for example, if the drug in the 

35 control composition crystallizes at a rate of 1%/week, the drug in the test composition 
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crystallizes at a rate of less than 0.9%/week, Often, much more dramatic 
improvements are obsenredt such as less than about 10% of the rate of crystallization 
of drug in the control composition (or less than about 0.1%/week for the example 
given). 

A relative degree of improvement in physical stability may be used to 
characterize the Improvement In physical stability obtained by the compositions of the 
present invention. The "relative degree of improvement in physical stability" is defined 
as the ratio of (1) the rate of dmg crystallization in the control composition and (2) the 
rate of drug crystallization in the test composition. For example, if the drug in the 
control composition crystallizes at a rate of 10 wt%/week and the drug in the test 
composition crystallizes at a rate of 5 wt%/week, the relative degree of improvement in 
physical stability would be 2 (1 0 wt%/week -s- 5 wt%/week). Preferably, the 
compositions of the present invention provide a relative degree of improvement in 
physical stability of at least about 1 .25, preferably at least about 2.0, more preferably at 
least about 3.0 relative to a control composition consisting essentially of the same 
amounts of drug and poloxamer, but without the stabilizing polymer. 

The particular storage conditions and time of storage to evaluate 
physical stability may be chosen as convenient. A stability test which may be used to 
test whether a composition meets the stability criteria described above is storage of the 
test composition and the control composition for three weeks at 25*C and 10% RH. An 
improvement of stability for the test composition may become apparent within a shorter 
lime, such as three to five days, and shorter storage times may be used for some 
dmgs. The stability test may also be accelerated by performing the test at elevated 
temperature and humidity, such as for one to three weeks at 40**C and 25% RH, or at 
40Xand75%RK 

EXCIPIENTS AND DOSAGE FORMS 
Other conventional formulation exdplents may be employed In the 
compositions of this invention, Including exdplents well-known in the art, e.g.. as 
described in Remington: The Science and Practice ofPhanrtacy (20*' ed. 2000). 
Generally, exdplents such as fillers, disintegrating agents, pigments, binders, 
lubricants, glidants. flavorants, and so forth may be used for customary purposes and 
in typical amounts without adversely affecting the properties of the compositions. 
These excipients may be utilized after the drug/polymer composition has been fonned, 
in order to formulate the composition into tablets, capsules, suppositories, 
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suspensions, powders for suspension, creams, transdenmal patches, depots, and the 
like. 

The compositions of the present invention may be delivered by a wide 
variety of routes, Including, but not limited to, oral, nasal, rectal, vaginal, subcutaneous, 
intravenous and pulmonary. Generally, oral delivery is preferred. 

The compositions of the present invention may be formulated in various 
forms such that they are delivered as a suspension of particles In a liquid vehicle. 
Such suspensions may be fonmulated as a liquid or paste at the time of manufacture, 
or they may be formulated as a dry powder with a liquid, typically water, added at a 
later time but prior to oral administration. Such powders that are constituted into a 
suspension are often termed sachets or oral powder for constitution (OPC) 
formulations. Such dosage torms can be formulated and reconstituted via any known 
procedure. The simplest approach is to formulate the dosage fonm as a dry powder 
that is reconstituted by simply adding water and agitating. Alternatively, the dosage 
form may be formulated as a liquid and a dry powder that are combined ;and agitated to 
fomn the oral suspension. In yet another embodiment, the dosage form can be 
formulated as two powders that are reconstituted by first adding water to one powder to 
fomrt a solution to which the second powder is combined with agitation to form the 
suspension. 

Generally, it is prefenred that the composition of drug be formulated for 
long-term storage in the dry state as this promotes the chemical and physical stability 
of the drug. Since conversion of amorphous drug in the composition to the crystalline 
state is related to the relative values of (1) the Tg of the composition. (2) Tstorage. and (3) 
relative humidity, the dmg in the solid compositions of the present invention may tend 
to remain in the amorphous state for longer periods when stored at relatively low 
temperatures and low relative humidities. In addition, packaging of such compositions 
so as to prevent absorption of water or inclusion of a water absorbing material sudi as 
a desiccant to also prevent or retard water absorption can lead to a higher Tg for the 
composition during storage, thereby helping to retain the amorphous state. Likewise, 
storage at lower temperatures can also improve the retention of the amorphous state. 

Other features and embodiments of the invention will become apparent 
from the following examples that are given for illustration of the Invention rather than for 
limiting its intended scope. 
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EXAMPLES 
E)^mple 1 

A solid composition was formed by a spray-drying process as follows. 

5 The composition consisted of 50 wt% of the low-solubility HIV protease inhibitor N-(1 ,1- 
dimethylethyl) decahydro-2- [(2R,3R)-2-hydroxy-3-[(3-hydroxy-2- 
methylbenzoyl)amino]-4-(phenyIthio)butyll-3-isoqulnolinecarboxamide (3s, 4aS, 8aS>- 
monomethanesulfonate, also known as nelfinavir mesylate, or VIRACEPT® ("Drug 1") 
(solubility approximately 20 ^g/mL in PBS. pH 6.5, Tg of 1 19X at less than 5% RH), 

10 30 wt% of poloxamer 407 (PLURONIC F127, available from BASF Corporation, Mount 
Olive. New Jersey), and 20 wt% of the stabilizing polymer hydroxypropyl 
methylcellulose (HPMC E3 Prem LV. METHOCEL®, available from Dow Chemical Co., 
Midland. Michigan, having a Tg of about 150X at less than 5% RH). A spray solution 
was formed containing 2.5 wt% Viracept, 1.5 wt% PLURONIC, 1.0 wt% HPMC, 85.5 

15 wt% methanol, and 9.5 wt% water. The solution was mixed until the polymers and 
drug had all dissolved. The spray solution was pumped using a high-pressure pump to 
a spray-dryer (a Niro type XP Portable Spray-Dryer with a Liquid-Feed Process Vessel 
(TSD-r)), equipped with a pressure nozzle (model WG-126, frpm Delavan LTV). The 
PSD-1 was equipped with a 5-foot 9-inch chamber extension. The chamber extension 

20 was added to the spray-dryer to Increase Oie vertical length of the dryer. The added 
length increased the residence time within the dryer, vifhich allowed the product to dry 
before reaching the angled section of the spray-dryer. The spray-dryer was also 
equipped with a 316 SS circular diffuser plate with 1/16-inch drilled holes, having a 1% 
open area. This small open area directed the flow of the drying gas to minimize 

25 product recirculation within the spray-dryer. The nozzle sat flush vwth the diffuser plate 
during operation. The spray solution was delivered to the nozzle at about 120 g/min at 
a pressure of 230 psig. A pulsation dampener was used to minimize pulsation at the 
nozzle. Nitrogen drying gas was Introduced through the diffuser plate at a flow rate of 
about 2000 g/mIn, and an Inlet temperature of about 175**C. The evaporated solvent 

30 and drying gas exited the spray-dryer at a temperature of about 45*^0. The spray-dried 
composition was collected in a cyclone, and contained 50 wt% Dnjg 1, 30 wt% 
PLURONIC, and 20 wt% IHPMC; thus, the mass ratio of poloxamer to stabilizing 
polymer was 1 .5 (30 wt% 20 wt%). The Tg of the resulting composition was 
determined by DSC to be about 107X at less ttian 5% RH. 
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The so-formed solid composition was examined for drug crystalHnlty 
before and after storage for three weelcs at 40»C and 75% RH by PXRD using a Bailcer 
AXS D8 Advance diffractometer. Samples (approximately 100 mg) were packed in 
Lucite sample cups fitted with Sl(51 1 ) plates as the bottom of the cup to give no 
background signal. Samples were spun in the <p plane at a rate of 30 rpm to minimize 
crystal orientation effects. The x-ray source (KCUa. X = 1.54 A) was operated at a 
voltage of 45 kV and a cun^ent of 40 mA. Data for each sample were collected over a 
period of 27 minutes In continuous detector scan mode at a scan speed of 
1 .8 seconds/step and a step size of 0.04^/step. Dlffractograms were collected over the 
28 range of 4** to 30^ 

The solid composition before and after storage for three weeks at 40''C 
and 75% RH exhibited diffraction patterns indicating ttiat the drug in tiie composition 
was almost completely amorphous, showing none of the sharp peaks that are 
characteristic of crystalline drug. This demonstrates tiiat tiie amorphous form of the 
drug is stable in flie composition after storage at 40''C and 75% RH for three weeks. 

The solid composition was tiien evaluated in an in vitro dissolution test 
as follows. For each test, the composition was added to microcentrifuge tubes in 
duplicate. A 4.21 mg sample of the composition was added to each tube for a total 
concentration of 1000 |ig/mL drug if all of ttie drug had dissolved. The tubes were 
placed In a 37*»C temperature-controlled chamber, and 1.8 mL PBS containing 0.5 wl% 
sodium taurochollc acid and 1-palmitoyl-2-oleyl-sn-glycero-3-phosphocholine 
(NaTC/POPC. witii a 4/1 weight ratio) at pH 6.5 and 290 mOsm/kg (simulating a model 
fasted duodenal solution) was added to each respective tube. The samples were 
quickly mixed using a vortex mixer for about 60 seconds. The samples were then 
centrifuged at 13.000 G at 37°C for 1 minute. The resulting supernatant solution was 
then sampled and diluted 1:6 (by volume) with methanol and then analyzed by high- 
performance liquid chromatography (HPLC). The contents of each respective tube 
were mixed on the vortex mixer and allowed to stand undisturbed at 37*'C until ttie next 
sample was taken. Samples were collected at 4. 10. 20, 40, 90, and 1200 minutes. 

As a control (CI), crystalline Drug 1 alone was added to 1,8 mL of 
MFDS in a sufficient amount that the concentration of drug would have been 
1000 pg/mL if all of tiie drug had dissolved. 

As a second control (C2), a composition was formed that was similar to 
Example 1 except that it did not contain Uie poloxamer. Control C2 consisted of 
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50 wt% Drug 1 and 50 wt% HPMC. The composition was fonmed by first forming a 
spray solution consisting of 292 mg Drug 1 and 250 mg HPIVIC in 58.7 g of a 
50.7:8 wAw mixture of aoetoneiwater. This solution >ras pumped Into a "minr spray- 
drying apparatus via a Cole Parmer 74900 series rate-controlling syringe pump at a 
rate of 70 mLThr. The spray solution was iatomized through a Spraying Systems Co. 
two-fluid nozzle, Model No. SU1 A, using a heated stream of nitrogen at a flow rate of 
1 SCFM. The spray solution was sprayed into an 1 1-cm diameter stainless steel 
chamber. The heated gas entered the chamber at an inlet temperature of 1 lO^C and 
exited at ambient temperature. The resulting solid composition was collected on filter 
paper, dried under vacuum, and stored In a desiccator. This composition was tested in 
a dissolution test using the procedures described above except that a sufficient amount 
of the composition was added so that tiie concentration if all of the drug had dissolved 
would have been 3000 pg/mL. 

The results from the dissolution tests of Example 1 and controls C1 and 
C2 are shown in Table 2. 



Table 2 







Drug 1 




1 Example 


Time 


Concentration 


AUG 




(min) 




(mInWmU 


1 


0 


0 


0 


4 


330 


660 


10 


368 


2.760 


20 


377 


6.490 


40 


382 


14.100 


90 


385 


33.300 


1200 


390 


463.800 


CI 


0 


0 


0 


4 


80 


160 


10 


98 


700 


20 


102 


1.700 


40 


108 


3,800 


90 


118 


9.500 


1200 


310 


247.000 


C2 


0 


0 


0 


4 


118 


235 


10 


123 


960 


20 


122 


2.180 


40 


117 


4.570 


90 


124 


10.600 


1200 


116 


143.500 
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The concentrations of daig obtained in these samples were used to 
detenrrine the iraDdmum concentration of drug (MDCw) and the area under the 
concentiBtion-versus-time curve (AUCgo) during the initial 90 minutes. The results are 
shown in Table 3. 



Table 3 



1 

1 Example 


Drug 1 
Cone, in 
Composition 
(wt%) 


Media 


Dose 
(Rg/mL) 


MDCso 
(ng/mL) 


AUCm 
(min*(jg/mL) 


1 


50 


MFDS 


1000 


385 


33.300 


C1 

(crystalline 
Dmgl) 




MFDS 


1000 


118 


9.500 


C2 
(No 
poloxamer) 


50 


MFDS 


3000 


124 


10.600 



10 



15 



The data show that the composition of the invention provided concentratiori 
enhancement both control compositions C1 and C2. The MDCqo for the composition of 
Example 1 was 3.3.fold that of the control C1 , and Its AUC90 was 3.5-fold that of the 
control C1. The MDCso for the composition of Example 1 was 3.1 -fold that of Control 
C2, and Its AUCgo was 3.1 -fold that of control C2. 

The stability of the composition of Example 1 was evaluated in an 
accelerated storage test. The composition was stored under elevated temperature and 
humidity conditions to increase the rate of physical changes occurring in the material in 
order to simulate a longer storage interval in a typical storage environment. A sample 
of the composition was stored for three weeks at 40°C/75% RH. Following storage the 
composition was tested in vitro, as described above, to demonstrate stable 
concentration enhancement of Drug 1. The results are shown in Table 4. 



20 
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Table4 







Drug 1 




Time 


Concentration 


AUG 


Example 


(min) 


(wa/mL) 


(min*ug/mL) 


1 

stored 3 
weeks @ 
40»C/75% . 
RH 


0 


0 


0 


4 


371 


740 


10 


378 


2.990 


20 


389 


6.830 


40 


373 


14.400 


90 


389 


33.500 




1200 


416 


480.300 



The concentrations of daig obtained In these samples were used to 
determine the MDC90 and the AUCgo during the initial 90 minutes. The results are 
5 shown in Table 5. The dissolution test results prior to storage are shown again for 
comparison. 



Table 5 



Example 


Drug Concentration 
In Composition 
(wt%A) 


Dose 
(ua/mL) 


MDC90 

(ug/mL) 


AUCeo 1 
(min*ug/mL) 1 


1 

initial 


50 


1000 


385 


33,300 


1 

stored 3 weeks @ 
40»C/75% RH 


50 


1000 


389 


33,500 



10 The data show that the composition of the invention provided stable 

concentration-enhancement after storage for three weelcs at 40**C/75% RH. 



Examples 2-4 

Solid compositions containing Drug 1 were prepared using various 
15 amounts of poloxamer 407 and the stabilizing polymers hydroxypropyl methyl cellulose 
and hydroxypropyl methyl cellulose acetate succinate as described below. Table 6 lists 
the compositions of Examples 2 to 4; the composition of Example 1 is included for 
comparison. 

A control composition C3 was made with the polymer hydroxypropyl 

20 cellulose. 
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tableG 



Ex. 
No. 


Drug 1 
(wt%) 


PLURONIC F127 
(wt%) 


Stabilizing 
Polymer* 


Stebiiizing Polymer 
(wt%) 


1 


50 


30 


HPiVIC E3 Prem LV 


20 


2 


35 


35 


HPMC E3 Prem LV 


30 


3 


42.5 


42.5 


HPMCAS-MF 


15 


4 


45 


45 


HPMCAS-MF 


10 


C3 


45 


45 


HPC 


10 


* HPMCAS-MF = hydroxypropyl met 
grade (Shin Etsu, Tokyo. Japan), h 
HPC = hydroxypropyl ceUulose (Si£ 
about 125''C at less than 5% RH. 


liyl cellulose acetate succinate, medium fine 
aving a Tg of about 1 1S'C at less than 5% RH. 
ima-Aldrich, Inc., #43.500-7). having a Tg of 

• 



The solid composition of Example 2 was prepared using tlie spray- 
drying process described for Example 1, except that the spray solution consisted of 7 g 
5 Drug 1 , 7 g PLURONIC F127, 6 g HPMC E3 Prem LV, 342 g methanol, and 38 g 
water. 

The solid compositions of Examples 3, 4, and C3 were spray-dried as 
follows. Drug 1, PLURONIC F127, and the stabilizing polymer were dissolved in 24 g 
of acetone. For Control C3, the total solids concentration In the spray solution was 2 

10 wt%. For Examples 3 and 4, the total solids concentration In the spray solutions were 
4 wt%. Each solution was pumped Into a "mini" spray-drying apparatus via a Cole 
Parmer 74900 series rate-controlling syringe pump at a rate of 30 mL/hr. The spray 
solution was atomized through a Spraying Systems Co. two-fluid nozzle. Model 
No. SU1 A, using a heated stream of nitrogen at a flow rate of 1 SCFM. The spray 

15 solution was sprayed into an 1 1-cm diameter stainless steel chamber. The heated gas 
entered the chamber at an inlet temperature of SO^'C and exited at ambient 
temperature. The resulting solid composition was collected on filter paper, dried under 
vacuum, and stored in a desiccator. 

The solid compositions of Examples 2 - 4 and C3 were tested in vitro to 

20 ascertain concentration enhancement of Drug 1 . For each test, a sufficient amount of 
composition was added to each tube for a total concentration of 1000 ^g/mL drug if all 
of the drug had dissolved. The tubes were placed in a 37°C temperature-controlled 
chamber, and 1.8 mL PBS was added. Tests were performed as described above, and 
the results are shown in Table 7. 
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As a control (C4), crystalline Daig 1 alone was tested in PBS and a 
suffldent amount of material was added so that the concentration of daig would have 
been 1000 (ig/mL if all of the drug had dissolved. 



Table 7 





Time 


Omg 1 
Concentration 


I 

AUG 


Example 


(min) 


(ug/mL) 


(min*ng/mL) 


2 


0 


0 


0 




4 


376 


750 




10 


V 399 


3,080 




20 


399 


7.070 




40 


437 


15,400 




90 


419 


36.800 




1200 


543 


570,500 


4 


0 


0 


0 




4 


249 


500 




10 


260 


2.020 




20 


283 


4,740 1 




40 


309 


10,700 




90 


331 


26,700 




1200 


386 


424,800 


5 


0 


0 


0 




4 


177 


350 




10 


190 


1,450 




20 


215 


3,480 




40 


238 


8.000 




90 


266 


20,600 




1200 


325 


348,800 


C3 


0 


0 


0 




4 


84 


170 




10 


65 


610 




20 


61 


1.240 




40 


35 


2.200 




90 


19 


3.550 




1200 


13 


21,300 


C4 


0 


0 


.0 




4 


5 


11 




10 


6 


46 




20 


6 


106 




40 


2 


180 




90 


2 


285 




1200 


20 


12,730 1 



The concentrations of dmg obtained in these samples were used to 
detemilne the MDCgo and the AUCqo during the initial 90 minutes. The results are 
shown In Table 8. 
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Table 8 





Drug 1 Cone, in 










Composition 


Stabilizing 


MDCgo 


AUCeo 


Example 


(wt%A) 


Polymer 


(ug/mL) 


(min*ng/mL) 


2 


35 


HPMC 


437 


36.800 


3 


42.5 


HPMCAS-i\1F 


331 


26.700 


4 


45 


HPMCAS-IVIF 


266 


20.600 


C3 


45 


HPC 


84 


3.550 


C4 




none 


6 


285 



5 The data show that the compositions of the invention provided 

concentration-enhancement over that of crystalline drug alone (C4). The MDC90 for 
Examples 2-4 was 44- to 73-fold that of the crystalline control, and their AUCgo was 
72- to 129-foid that of the crystalline control. In addition, Examples 2 - 4 provided 
concentration enhancement relative to a different cellulosic polymer, hydroxypropyl 
10 cellulose. 

Example 5 

A solid composition was formed containing the low-solubility cholesteryl 
ester transfer protein inhibitor [2R,4SI 4-[(3,5-bis-trifluoromethyl-benzyl)- 

15 methoxycarbonyl-amino]-2-ethyl-6-trifluoromethyl-3,4-dlhydro-2H-quinoline-1- 

carboxylic acid ethyl ester, also known as torcetrapib ("Drug 2*"), having a solubility of 
less than 1 ng/mL in PBS, pH 6.5, and a Tg of about 30^C at less than 5% RH. The 
composition consisted of 25 wt% Drug 2, 50 wt% PLURONIC F127, and 25 wt% 
HPMCAS-MF: thus, the mass ratio of poloxamer to stabilizing polymer was 2 

20 (50 wt% + 25 wt%). The composition was formed using the spray-drying process of 
Examples 2-4, except that the spray solution consisted of 0.8 wt% Daig 2, 1 .6 wt% 
PLURONIC, 0.8 wt% HPMCAS-MF, and 96.8 wt% acetone; the solution feed rate was 
60 mL/hr, and the drying gas Inlet temperature was 85**C. 

The so-fbnned solid composition was tested in vrfroto ascertain 

25 concentration enhancement of Drug 2. A sufficient amount of the composition was 
added to each tube (in duplicate) for a total concentration of 1000 (ig/mL drug if all of 
the drug had dissolved. The tubes were placed in a 37**C temperature-controlled 
chamber, and 1 .8 mL PBS was added. Tests were performed as described above, and 
the results are shown in Table 9. 
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Control 5 (C5) consisted of crystalline Drug 2 alone, tested in PBS, and 
a sufficient amount of material was added so that the concentration of drug would have 
been 1000 |itg/mL if all of the drug had dissolved. 

5 Table 9 





Time 


Drug 2 
Concentration 


AUG 


Example 


(min) 


(ua/mU 


(min*uQ/mL) 


5 


0 


0 


0 




4 


455 


910 




10 


423 


3.550 




20 


399 


7.660 




40 


336 


15.000 




90 


276 


30.300 




1200 


85 


230.600 


C5 


0 


<1 


<100 




4 


<1 


<100 




10 


<1 


<100 




20 


<1 


<100 




40 


<1 


<100 




90 


<1 


<100 




1200 


<1 


<100 



The concentrations of drug obtained in tiiese sampies were used to 
detennine the MDCw and the AUCm during the initial 90 minutes. The results are 
shown in Table 10. 

10 



Table 10 



Example 


Drug 2 Cone. In 
Composition 
(wt%A) 


Dose 
(wo/mU 


MDC90 
(ug/mL) 


AUCeo 
(min*ng/mL) 


5 


25 


1000 


455 


30.300 


C4 




1000 


<1 


<100 



The data show that the solid composition of the invention provided 
concentration enhancement over that of crystalline drug alone (Control C4). The 
15 MDC90 for the solid composition of Example 5 was greater than 455-fold that of the 
control, while its AUCgo was greater than 303-fold that of the control. 

The terms and expressions which have been employed in the foregoing 
specification are used therein as tenns of description and not of limitation, an there is 
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no intention, in the use of sudi tenns and expressions, of excluding equivalents of the 
features shown and described or portions thereof. It being recognized that the scope of 
the invention is defined and limited only by the claims which follow. 
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CLAIMS 



1. 



A solid composition comprising a plurality of particles, said 



5 



particles comprising: 
(a) 



at least about 5 wt% of a low-solubility drug, wherein at least a 

substantial portion of said drug is amorphous; 

at least about 5 wt% of a potoxamer; and 

a stabilizing polymer selected from the group consisting of 

hydroxypropyl methyl cellulose acetate succinate, hydroxypropyl 

methyl cellulose, carboxymethyl ethyl cellulose, and 

hydroxypropyl methyl cellulose phthalate. 



(b) 
(c) 



10 



2. The solid composition of claim 1 wherein said particles have a 
lowest glass transition temperature of at least about 40^*0 at a relative humidity of less 

IS than about 10%. 

3. The solid composition of claim 2 wherein the lowest glass- 
transition temperature of said particles is at least about 45°C at a relative humidity of 
less than about 5%. 

20 

4. The solid composition of daim 2 v\^ere]n the lowest glass- 
transition temperature of said particles is at least about 50*^0 at a relative humidity of 
less than about 5%. 

25 5. The solid composition of claim 1 wherein said drug has a glass- 

transition temperature of at least about 20''C at a relative humidity of less than 



6. The solid composition of claim 1 wherein said drug has a glass- 
30 transition temperature of at least about 30*C at a relative humidity of less than about 

5%. 

7. The solid composition of claim 1 wherein said stabilizing polymer 
is selected from the group consisting of hydroxypropyl methyl cellulose acetate 

35 succinate and carboxymethyl ethyl cellulose. 



about 5%. 
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8. The solid composition of claim 1 wlierein said poloxamer is 
selected from the group consisting of poloxamer 188, poloxamer 237, poloxamer 338, 
and poloxamer 407. 

5 

9. The solid composition of claim 1 wherein said drug is selected 
from the group consisting of antihypertensives, antianxiety agents, anticlotting agents, 
anticonvulsants, blood glucose-lowering agents, decongestants, antihistamines, 
antitussives, antineoplastics, beta blockers, anti-inflammatories, antipsychotic agents, 

10 cognitive enhancers, cholesterol-reducing agents, anti-atherosclerotic agents, 

antlobesity agents, autoimmune disorder agents, anti-impotence agents, antibacterial 
and antifungal agents, hypnotic agents, anti-Parl<insonism agents. anti-Alzheimer's 
disease agents, antibiotics, anti-depressants, antiviral agents, glycogen phosphorylase 
inhibitors, microsomal triglyceride transfer protein inhibitors, and cholesteryl ester 

IS transfer protein inhibitors. 

10. The solid composition of daim 1 wherein said dnjg is a 
hydrophobic drug. 

20 11. The solid composition of daim 1 wherein said drug is selected 

from the group consisting of N-(1,1-dimethylethyl) decahydro-2- I(2R,3R)-2-hydroxy-3- 
[(34iydroxy-2-methylben2oyl)amino]-4-(phenylthlo)butyn-3-isoquinolinecarboxamid 
(3s, 4aS, 8aS)-monomethanesulfbnate. Inhibitor [2R,4S] 4-[(3.5-bls-trifluoromethyI- 
ben2yl)-methoxycarbonyl-amlnol-2-ethyl-6-trlfluoromethyl-3.4-dihydro-2H-quinoH 

25 carboxylic acid ethyl ester, or pharmaceutically acceptable forms thereof. 

12. The solid composition of claim 1 wherein said poloxamer is 
present in a sufficient amount such that said composition, following administration to an 
in vivo or in vitro aqueous environment of use, provides concentration enhancement 
30 relative to a control coniposition consisting essentially of a dispersion of said drug and 
said stabilizing polymer, wherein said concentration enhancement is characterized by 
at least one of 

(a) a maximum drug concentration in said aqueous environment of 
use that is at least 1 .25-fold that provided by said control 
35 composition; and 
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(b) an area under the concentration versus time curve in said 

aqueous environment of use for any period of at least 90 minutes 
between the time of introduction of said composition Into said 
aqueous environment of use and about 270 minutes following 
5 introduction to said aqueous environment of use ttiat is at least 

1.25-fold that provided by said control composition, 

13. The solid composition of claim 1 wherein said poloxamer is 
present in a sufficient amount such that said composition, following administration to an 

10 in vivo environment of use, provides concentration enhancement relative to a control 
composition consisting essentially of a dispersion of said drug and said stabilizing 
polymer, wherein said concentration enhancement is characterized by at least one of 
(a) a maximum concentration in the blood that is at least 1.25-foId 
that provided by said control composition; and 
^5 (b) a relative bioavailability that is at least 1 .25 fold relative to said 

control composition. 

14. The solid composition of claim 1 wherein said dmg in said 
particles when stored for three weeks at 25"C and 10% relative humidity have 

20 improved physical stability relative to a control composition consisting essentially of 
said drug and said poloxamer.. 

15. The solid composition of dalm 1 wherein said dmg in said 
particles has a relative degree of improvement in physical stability of at least 1.25 

25 relative to a control composition consisting essentially of the same amount of drug and 
poloxamer, but without the stabilizing polymer. 

1 6. The solid composition of claim 1 5 wherein said relative degree of 
improvement in physical stability is at least about 2.0. 



30 



17. The solid composition of claim 1 wherein less than about 10 wt% 
of said drug crystallizes during storage for three weeks at 25X and 10% relative 
humidity. 
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18. The solid composition of any one of claims 1-17 wherein said 
composition is made by a solvent-based process. 

19. The solid composition of claim 18 wherein said solvent-based 
process is spray-drying. 
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ABSTRACT 

Solid compositions wHh improved physical stability comprise an 
amoiphous low-solubility drug, a poloxamer, and a stabilizing polymer. The 
compositions provide good physical stability during storage and concentration 
enhancement of dissolved drug when administered to an aqueous environment of 
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